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Abstract
Potential of eight cassava cultivars viz., TME3, TME4, TMS 30572, TMS 1089A, 96/0160, Albert,
Kibaha and H165 for initiating somatic embryos was studied. Two different explants, young leaf lobe
pre-cultured on Murashige and Skoog (MS) medium and axillary bud pre-cultured on MS medium
containing BAP were tried. The age of explants and type of cultivar highly influenced the frequency and
quantity of somatic embryos. Axillary buds of cv. Albert and young leaf lobes of cv. H165 responded
well, while the same results were observed for conversion and development. Hardening and establishment
in green house was close to 100% for all the cultivars under study. This paper discusses the effect of
juvenility of the explants used, duration of pre-treatments and culture on embryogenesis medium,
cultivar and its preference of explant, health of the mother plants, on successful regeneration of
cassava via somatic embryogenesis, which could be very resourceful for friable embryogenic calli
production and successful genetic transformation.
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Introduction

Cassava (Manihot esculenta Crantz) was introduced to East
Africa from Brazil by Portuguese in the 17th  century then
to India, Java and South East Asia by  18th century (Byrne,
1984). Its storage root has the maximum starch storage
approaching the known physical limit of 30%. Though
many other starchy crops and fruits were introduced at
the same period to the developing countries in the tropics,
cassava remained a steady and abundant supplier of food
throughout the year even during  the times of natural
disasters and war. This crop has unique place in global
food system owing to its capacity  to produce more food
per unit area, ability to withstand adverse environmental
and climatic conditions, flexibility to be harvested at
convenience,  which made it as a popular crop in the
developing countries. Apart from being a staple food,
cassava is very versatile and its starch and derivatives are

used to develop a variety of  products such as value added
foods, confectionery, sweeteners, glues, plywood, textiles,
paper, biodegradable products, monosodium glutamate,
and drugs (Gondwe et al., 2001; Chitundu et al., 2006;
Haggblade and Nyembe, 2007). Cassava chips and pellets
are used in animal feed and alcohol production. Cassava
leaves are also a very good source for bio-pesticide and
bio-fumigant (CTCRI, 2011).

Cassava is the only edible species belonging to the family
Euphorbiaceae which is inherently heterozygous in nature.
Though cassava grows on varied environmental and
climatic conditions, it is susceptible to invading pests and
pathogens like whitefly, mealy bug, green mite, cassava
mosaic viruses and cassava brown streak viruses. The
white fly also serves as a vector for viral diseases. Cassava
mosaic disease could be very serious if proper care is not
taken. Indian cassava mosaic virus in India and African
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cassava mosaic virus in Africa could cause up to 40 and
95% yield loss, respectively (Edison et al., 2006, Bocks
and Woods, 1983). In the recent years, there has been
increased emphasis on optimizing agricultural production
in conjunction with conserving the natural resources
through improved crop and crop management systems.
Efforts were made to improve the crop’s agronomic traits
via conventional breeding that allows the combination of
favorable traits from different species and has been used
successfully to produce few resistant varieties, nevertheless
these efforts were largely hindered by in-breeding
depression and the polygenic and recessive nature of many
desirable traits (Makwarela and Rey, 2006). Moreover,
inter-specific hybridization program can be slow and
require a great deal of scientific expertise and skilled labor.
Genetic engineering has been identified as a powerful
tool to overcome the limitations of conventional breeding
by allowing the introduction of desirable traits directly
into farmer preferred cultivars (Thro et al., 1999).
Agrobacterium- mediated transformation via somatic
embryogenesis or friable embryogenic calli (FEC) derived
from them have been recognized as the best way for
achieving successful transformation events (Raemakers
et al., 1997; Schopke et al., 1998; Munyikwa et al., 1998;
Taylor et al., 2001; Raemakers et al., 2001; Hankoua et
al., 2006; Vanderschuren et al., 2007; Bull et al., 2009;
Liu et al., 2011; Putten et al., 2012; Taylor et al., 2012).

Since three decades, cassava regeneration via somatic
embryos on various explants had been tried and improved.
Somatic embryos had been induced on the embryonic
axes (Stamp and Henshaw, 1982; Konan et al., 1994),
young leaf lobes (Stamp and Henshaw, 1987; Szabados et
al., 1987; Raemakers et al., 1993; Sofiari et al., 1997;
Mussio et al., 1998; Li et al., 1998; Raemakers et al.,
2000), cotyledons (Stamp and Henshaw, 1987a), shoot
tip explants (Ogburia, 2003) and from somatic embryo
explants (Guohua, 1998; Groll et al., 2001). Previously
somatic embryogenesis on cassava was attempted using
auxins such as 2,4-D, or/and NAA (Szabados et al., 1987;
Sofiari et al., 1997; Guohua, 1998; Li et al., 1998; Guohua
and Qiusheng, 2002). It was a little more than a decade
ago, the potential of picloram in the medium for better
efficiency of cassava somatic embryogenesis was
recognized (Zhang et al., 2000). This trial was followed
by Zhang et al. (2001), Taylor et al. (2001), Hankoua et
al. (2005), Zhang and Puonti Kaerlas (2005), Saelim et

al. (2006), Hankoua et al. (2006), Atehnkeng et al. (2006),
and Feitosa et al. (2007). All these research teams found
that picloram at 50 µM was the most effective and efficient
in producing high quality and quantity of somatic embryos
from juvenile explants of cassava. Same plant growth
regulator (PGR) was competent to produce high frequency
transformation events as well (Bull et al., 2009; Liu et
al., 2011; Putten et al., 2012; Taylor et al., 2012). High
quality repeatable somatic embryogenesis is an essential
prerequisite for FEC production and thereby efficient
transformation. In this paper, the effectiveness of picloram
at 50 µM in somatic embryogenesis media on different
African cassava cultivars in comparison with a popular
Indian cultivar for somatic embryogenesis has been
analyzed using two different explants.

Materials and Methods

Plant materials

African cassava cultivars TME3, TME4, TMS 30572,
TMS 1089A, 96/0160, Albert, and Kibaha and a popular
Indian cultivar H165 were maintained on MS medium
(Murashige and Skoog, 1962) with half strength
ammonium nitrate and potassium nitrate (MS Mod.3B,
Duchefa, The Netherlands) containing 2% sucrose, pH
adjusted to 5.8 and solidified with 0.75% plant agar
(Duchefa). All the cultivars were indexed for the absence
of viruses. Nodes and shoot tips of these mother plantlets
were sub-cultured every 6 to 8 weeks and every 12
months, new mother plants were raised from nodes taken
from the green-house-grown plants.

Explant harvest

Two treatments were used for explant initiation. In the
treatment 1,  very young unopened leaf lobes were excised
carefully from the nodes cultured upright on MS medium
supplemented with 2.0 µM CuSO

4
 (MSC). Under

treatment 2, enlarged axillary buds were surgically taken
from the nodes placed horizontally over cassava axillary
bud induction medium (CAM) (Bull et al., 2009). All the
cultures and mother plants were maintained at 25±2°C
under 16/8 h photoperiod provided by cool fluorescent
tube lights (2500 to 3000 lux).

Somatic embryogenesis

The harvested explants were cultured on MS medium
augmented with 2.0 µM CuSO

4
 and 50 µM picloram
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(MSCP) and were maintained at 25 ± 2°C under dark.
Development of embryogenic calli and somatic embryos were
recorded every 21 days when the embryogenic calli were sub-
cultured onto MS medium containing 1.0 µM NAA and 2.0
µM BAP (MSNB) for embryo maturation. Embryo maturation
was allowed at the normal culture room conditions as the mother
plant cultures. While recording the observations, the explants
that developed somatic embryos alone were considered as
responded.

Acclimatization

After maturation, the rooted young plantlets were transferred
after thorough washing under running tap water to small pots
of 4 inch width containing sterile vermiculite and were
maintained under culture room conditions. They were kept
covered using punctured transparent polythene bags to provide
humidity. They were irrigated once a week using Hoagland’s
solution (Hoagland and Arnon, 1938). When the plants reached
a height of 5-6 inches, and appear healthy, they were replanted
into bigger pots containing sand: soil: manure mixture (1:1:1)
and were transferred to glass house.

Statistical analysis

Data on efficiency of somatic embryogenesis from axillary
bud and leaf lobe explants of eight cassava cultivars on MSCP
medium were analysed through one-way Analysis of variance
(ANOVA). When significant differences were detected (P <
0.05), the Tukey’s Honestly Significant Difference (HSD)
multiple comparison test was applied to compare the cultivar
level differences. All the statistical analyses were carried out
using statistics software SPSS (SPSS software for Windows
release 10.0; SPSS Inc., Chicago, IL).

Results and Discussion

Influence of explants on somatic embryogenesis

Type of plant and developmental stage of explant  are very
important in inducing somatic embryo development. The leaf
lobes more than 5-6 mm in length didn’t produce embryogenic
calli. On leaf lobe explants, callus development was initiated at
the petiole region within 5 days of culture on MSCP medium
and doubled in 15 days’ time and somatic embryos started
appearing as globular structures. Placing  the explants with the
adaxial side or the abaxial side touching the medium, did not
affect somatic embryogenesis. Though callus initiation occurred
at the petiole or cut region, within 5 to 10 days the callus
proliferated from the entire explant. If the leaf lobe explants

were more than 5-6 mm in length, or older than 2-
3 days, they did not or rarely produced somatic
embryos. Instead, they produced hard watery callus,
sometimes cottony white, which turned brown in
15-20 days and died. These results are consistent
with Szabados et al. (1987), who reported the
inefficiency of larger or older leaf lobes in developing
somatic embryos.  Alternatively, Li et al. (1998)
recommended to use the juvenile material for higher
capacity of shoot regeneration while  immature leaf
lobes and axillary buds for producing either primary
or secondary somatic embryos was suggested by
several past works (Sofiari et al., 1997; Guohua,
1998; Groll et al., 2001; Taylor et al., 2001; Zhang
et al., 2001; Zhang and Puonti-Kaerlas, 2005; and
Taylor et al., 2012).

While excising the axillary bud, care must be taken
to avoid scraping the stem tissues. Once the stem
tissues were scraped along with the axillary bud, they
produced cottony white callus which over grew the
embryogenic callus developed from the bud. This
was true for all the cassava cultivars under study.
Within 15 to 20 days, the calli started developing
organized globular structures and initiated somatic
embryogenesis. Cottony white callus was often found
on axillary bud explants, however it did not affect
the somatic embryo development.

Plant growth regulations play a pivotal role in tissue
de-differentiation and re-differentiation. It also
depends on the endogenous hormone levels and their
synergistic/antagonistic action with external PGRs.
The amount of callus formed on axillary bud explants
were more than the calli produced using leaf lobe
explants. The axillary buds were made to enlarge on
BAP containing media before it was placed on MSCP
for calli and subsequent somatic embryo induction.
The BAP pre-treatment of the axillary buds might
have triggered the callus induction. Szabados et al.
(1987) also observed that callus formation was more
intense on media with higher BAP concentration.

Two explants used in this work were equally effective
but on different cultivars. When H165, Kibaha, 96/
1089A, TME3 and TME4 preferred young leaf lobes;
TMS 30572 best responded on axillary bud with an
acceptable percentage of response. Axillary bud and
leaf lobe explants served the cultivars Albert and TMS
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96/0160 almost equally well towards frequency and
efficiency of somatic embryo production. Leaf lobe
explants produced less amount of calli compared to that
of axillary bud explants in all the experiments and for all
the cultivars under study (Table 1). There was no relation
between amount of calli produced and the number of
somatic embryos developed (Table 1).

Frequency of somatic embryo development

Response of number of explants per experiment was highly
variable between the treatments and among the cultivars.
Cassava cv. H165 showed a high affinity towards young
leaf lobe explants to produce somatic embryos reaching
almost 100%. Among the African cultivars Albert and
TMS 96/0160 showed higher frequency as compared to
others. Both Kibaha and 96/1089A demonstrated good
response with axillary bud explants and young leaf lobe
explants, respectively (Fig. 1).

Duration of the cultures on MSCP medium was crucial
to attain maximum efficiency. The leaf lobes on MSCP
medium had to be sub-cultured within 21 to 25 days. If
it was retained on the same medium for longer, the callus
started browning and the embryogenic capability reduced
significantly (data not given). After 35 to 40 days of
retention on the same medium, the callus died. This
duration also slightly varied from cultivar to cultivar.
Mussio et al. (1998) also had observed that when the
explants were placed on induction medium for more than
10 days it delayed shoot formation and more than 20
days on pre-culture medium reduced the somatic
embryogenesis efficiency by almost 70% (Guohua, 1998).

Most of the successful transformation protocols for
cassava also indicate exact time duration for sub-cultures
to obtain optimum results (Raemakers et al., 1997; Taylor
et al., 2001; Vanderschueren et al., 2007; Bull et al., 2009).
Sofiari et al. (1997) found that continuous and long term
use of either 2,4-D or NAA in embryo induction medium
causes it to shift from embryogenesis to root formation
and that this effect could be reversed by using the PGRs
alternatively. This shows that external PGR application
considerably alter the hormonal composition and
concentration on organ development. Somatic
embryogenesis is a complex process and it needs precise
hormonal combinations for a cell to become bipolar and
to divide to form a complete organism. The external
PGRs we provide gains important attention in
determining the fate of the tissue. It is also highly
dependent on the genetic makeup and the endogenous
hormone levels of the explant and that is explicitly why

Table 1: Data on efficiency of somatic embryogenesis from axillary bud and leaf lobe explants of eight cassava cultivars
on MSCP medium.

Cultivar Somatic embryos developed Amount of callus induced
Axillary bud Young leaf lobe Axillary bud Young leaf lobe

H165 35.3 ± 1.3* 38.88 ± 2.625a** +++ ++
Albert 39.5 ± 1.6 26.56 ± 11.13a ++++ +
Kibaha 10.21 ± 2.33 28.6 ± 2.66b ++ ++
TMS 96/0160 30.3 ± 2.21 10.5 ± 3.8b ++ +
96/1089A 17.6 ± 1.3 32.3 ±3.33b ++ +
TME3 4.5 ± 1.5 18.33 ± 2.5c + +
TME4 3.8 ± 2.1 19.86 ± 1.37c + +
TMS 30572 27.8 ± 8.5 16.2 ± 1.66b ++ ++
+ = 50 mg calli

* Values are expressed as mean ± standard deviation.
**Numbers indicated using same alphabets were not significantly different from each other.

Fig. 1: Frequency of different cassava cultivars in producing
somatic embryos on axillar y bud and leaf lobe
explants when cultured on MSCP medium.
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there is a need to standardize the protocols for
different cultivars separately.

Cultivar and the explants used were important
determining factors for somatic embryo
production. In our studies at 5% confidence
level, the emergence of somatic embryos highly
depended on the cultivar used (p=<0.0001).
The response of leaf lobe explants in cultivars
H165 and 96/1089A were very high when
compared to other cultivars and axillary bud
explants. However, axillar y bud explants
produced significant results for cultivars Albert,
96/0160 and Kibaha. These cultivars were
responding equally well on leaf lobe explants as
well, except for Kibaha (Table 1). The response
of TME3, TME4, and TMS 30572 was
generally low compared to other cultivars, but
they kept a similar response pattern for both
the explants tried unlike other cultivars.
Significance of the differences found were
identified using Post hoc and Tukey HSD test
and is indicated in the table as sub-sets. These
results indicate that it was very important to
standardize the explant material for each cultivar
to obtain a maximum output under a given
condition.

Quality and quantity of somatic
embryos produced and their
conversion to plantlets

Number of somatic embryos developed per
explant was manually counted under a light
microscope to determine the efficiency. The
appearance of the somatic embryos, rooting
ability, and its conversion into a plantlet was
considered while determining its quality.
Though H165 showed high frequency and
efficiency for somatic embryo production, the
embryos developed were more tubular and
thin. However, once sub-cultured on MSNB
medium for embryo maturation, the embryos
looked normal and healthy. African cultivars
were also efficient in producing somatic
embryos except for cultivars TME3, TME4 and
TMS 30572 as compared to others.
Subculturing either to MSCP or to MSNB
within 30 days is a must for the embryos to

develop and mature. Somatic embryos from the African cultivars
showed similar vigor in growth and conversion. The quality of somatic
embryos was better when the leaf lobes or axillary buds were used
from healthy and vigorously growing mother plants. Recycling mother
plants in vitro for a long time reduced the growth vigor and they
started appearing thin and fragile. Re-establishing the mother plants
every 12 months from green-house-grown plants helped in
overcoming this problem.

Maturation and rooting of the somatic embryos occurred in the
same medium (MSNB) for cultivars H226, H165, and Albert but
other cultivars had to be sub-cultured onto basal MS medium without
PGRs for root development after the embryos develop cotyledons
completely. Rooting initiated within 5 days of culture. Most of the
embryos developed a strong single root but when the primary root
is damaged before sub-culturing to MSC medium, more than one
root was developed from the base. Well rooted plantlets were hardened
and after three to four weeks or when new leaves are formed, and
reached 4-5 inches in height, they were transferred to bigger pots
and all the plants were successfully established in the greenhouse
conditions (Fig. 2). Sofiari et al. (1997), Raemakers et al. (2000),
and Groll et al. (2001) desiccated the embryos before rooting for
homogenous response, but in our studies rooting was initiated
without a desiccation phase being provided. Ninety percentage of
the plantlets transferred to sterile vermiculite survived and if the

Fig. 2: Somatic embr yogenesis, embr yo maturation and
acclimatization in cassava cultivars. a) and b) leaf lobe and
axillary bud explants, respectively c) and d) somatic embryos
developed on MSCP medium on cultivars H165 and Albert,
respectively e) embryo maturation and rooting on MSNB
medium f) plantlet ready for transfer to green house after
acclimatization (scale in the figure indicates 100 µm)
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roots were not disturbed, 100% of the plantlets transferred
to bigger pots containing soil: sand: manure (1:1:1)
survived, acclimatized and established themselves in green
house conditions.

Conclusion

Somatic embryogenesis is an inevitable tool for producing
true to type next generation of cassava, genetic
manipulation studies and germplasm maintenance.
Cassava transformation has been a difficult task since
decades. It is mostly due to lack of dexterous repeatable
protocols for somatic embryo production. From our
studies we infer that juvenility of the explants used,
duration of pre-treatments and culture on embryogenesis
medium, cultivar and its preference of explant, health of
the mother plants used, all mattered in the successful and
repeatable high efficiency somatic embryo production.
These results could be a base for production of cotyledon
explants or FEC generation for genetic transformations
of these cultivars, for disease and pest resistance and quality
improvement via genetic engineering.

Acknowledgement

The authors are grateful to the Director, ICAR-CTCRI
for extending all the facilities and this work was carried
out under the financial support of the ICAR Network
project on Transgenics in Crops.

References
Atehnkeng, J., Adetimirin, V. O. and Ng, S. Y. C. 2006. Exploring the

African cassava (Manihot esculenta Crantz) germplasm for somatic
embryogenic competence. Afr. J. Biotechnol., 5 (14): 1324–1329.

Bocks, K. K. and Wood, R. D. 1983. The etiology of African cassava
mosaic virus disease. Plant Disease, 67: 994-995.

Bull, S. E., Owiti, J. A., Niklaus, M., Beeching, J. R., Gruissem, W.
and Vanderschuren, H. 2009. Agrobacterium-mediated
transformation of friable embryogenic calli and regeneration of
transgenic cassava. Nat. Protoc., 4: 1845- 54.

Byrne, D. 1984. Breeding Cassava. Plant Breeding Rev. 2: 73–133.

Chitundu, M., Droppelmann, K. and Haggblade, S. 2006. A value
chain task force approach for managing private – public
partnerships: Zambia’s task force on acceleration of cassava
utilization. Working Paper, No. 20, Food Security Research Project,
Lusaka, Zambia.

CTCRI. 2011. Annual Report 2010-2011. Central Tuber Crops
Research Institute, Thriuvananthapuram, Kerala, India, Pp.59.

Edison, S., Anantharaman, M. and Srinivas,  T. 2006. Status of cassava
in India an overall view. CTCRI Technical Bulletin Series 46: 11-17.

Feitosa, T., Bastos, J. L. P., Ponte, L. F. A., Jucá, T. L. and Campos, F.
A. P. 2007. Somatic embryogenesis in cassava genotypes from the
northeast of Brazil. Braz. Arch. Biol. Technol., 50: 201–206.

Gondwe, T., Mvula, W. M. and Kalimbira, A. A. 2001. Potential of
utilizing cassava in animal feeds. In: Cassava Commercialization for
Economic Development in Malawi. Mahungu, N. M., Banda, J. W.
and Mattya, C. (Eds.). Proceedings of the Symposium held at
Kwacha International Conference Center, Blantyre Malawi, May
2001.

Groll, J., Mycock, D. J., Gray, V. M. and Laminski, S. 2001. Secondary
somatic embryogenesis of cassava on picloram supplemented
media. Plant Cell Tiss. Org. Cult., 65: 201–210.

Guohua, M. 1998. Effects of cytokinins and auxins on cassava shoot
organogenesis and somatic embryogenesis from somatic embryo
explants. Plant Cell Tiss. Org. Cult., 54: 1–7.

Guohua, M. and Qiusheng, X. 2002. Induction of somatic
embryogenesis and adventitious shoots from immature leaves of
cassava. Plant Cell Tiss. Org. Cult., 70: 281–288.

Haggblade, S. and Nyembe, M. 2007. Preliminary draft Zambian
cassava markets. Paper prepared for the acceleration of cassava
utilization (ACU) task force meeting, February 1, 2007. Food
Security Research Project.

Hankoua, B. B., Ng, S. Y. C., Fawole, I., Puonti-Kaerlas, J., Pillay, M.
and Dixon, A. G. O. 2005. Regeneration of a wide range of
African cassava genotypes via shoot organogenesis from
cotyledons of maturing somatic embryos and conformity of the
field-established regenerants. Plant Cell Tiss. Org. Cult.,
82: 221–231.

Hankoua, B. B., Taylor, N. J., Ng, S. Y. C., Fawole, I., Puonti-Kaerlas,
J., Padmanabhan, C., Yadav, J. S., Fauquet, C. M., Dixon, A. G.
O. and Fondong, V. N. 2006. Production of the first transgenic
cassava in Africa via direct shoot organogenesis from friable
embryogenic calli and germination of maturing somatic embryos.
Afr. J. Biotechnol., 5:1700–1712.

Hoagland, D. R. and Arnon, D. I. 1938. The water culture method
for growing plants without soil. Circular 347, College of
Agriculture, University of California.

Konan, N. K., Sangwan, R. S. and Sangwan-Norreel, B. S. 1994.
Somatic embryogenesis from cultured mature cotyledons of
cassava (Manihot esculenta Crantz) - identification of parameters
influencing the frequency of embryogenesis. Plant Cell Tiss. Org.
Cult., 37: 91-102.

Li, H. Q., Guo, J. Y., Huang, Y. W., Liang, C. Y., Liu, H. X., Potrykus,
I. and Puonti-Kaerlas, J. 1998. Regeneration of cassava plants via
shoot organogenesis. Plant Cell Rep., 17: 410–414.

Liu, J., Zheng, Q., Ma, Q., Kranthi Kumar, G. and Zhang, P. 2011.
Cassava genetic transformation and its application in breeding.
J. Integ. Plant Biol., 53(7): 552-569.

Makwarela, M. and Rey, M.E.C. 2006. Cassava Biotechnology, a
southern African perspective. Biotechnol Mol Biol Rev. 1: 1-10

Munyikwa, T.R.I., Raemakers, C. J. J. M., Schreuder, M., Kok, R.,
Rozeboom, M., Jacobsen, E. and Visser, R. G. F. 1998. Pinpointing



27Influence of Age of Explants and Genotype on Somatic Embryogenesis in African and Indian Cassava Cultivars

towards improved transformation and regeneration of cassava.
Plant Sci., 135: 87–101.

Murashige, T. and Skoog, F. 1962. A revised medium for rapid growth
and bioassays with tobacco tissue cultures. Physiol. Plant.,
15: 473–497.

Mussio, I., Chaput, M. H., Serraf, I., Ducreux, G., and Sihachakr, D.
1998. Adventitious shoot regeneration from leaf explants of an
African clone of cassava (Manihot esculenta Crantz) and analysis of
the conformity of regenerated plants. Plant Cell Tiss. Org. Cult.,
53: 205–211.

Ogburia, M. N. 2003. Somatic embryogenesis, plantlet regeneration
and micropropagation of cultivars and F1 hybrids of Manihot
esculenta. Biol. Plant., 47(3): 429-432.

Putten, H. J. J. K., Sudarmonowati, E., Herman, M., Pereira-Bertram,
I. J., Wolters, A. M. A., Meima, H., de Vetten, N., Raemakers, C.
J. J. M. and Visser, R. G. F. 2012. Field testing and exploitation of
genetically modified cassava with low-amylose or amylose-free
starch in Indonesia. Trans. Res., 21: 39–50.

Raemakers, C. J. J. M., Bessembinder, J., Staritsky, G., Jacobsen, E.
and Visser, R. G. F. 1993. Induction, germination and shoot
development of somatic embryos of cassava. Plant Cell Tiss. Org.
Cult., 33: 151–156.

Raemakers, C. J. J. M., Sofiari, E., Jacobsen, E. and Visser, R. G. F.
1997. Regeneration and transformation in cassava. Euphytica,
96: 153–161.

Raemakers, K., Jacobsen, E. and Visser, R. 2000. The use of somatic
embryogenesis for plant propagation in cassava. Mol. Biotechnol.,
14: 215-221.

Raemakers, K., Schreuder, M., Pereira, I., Munyikwa, T., Jacobsen,
E. and Visser, R. 2001. Progress made in FEC transformation of
cassava. Euphytica, 120:15-24.

Saelim, L., Phansiri, S., Netrphan, S., Suksangpanomrung, M. and
Narangajavana, J. 2006. Optimization of in vitro cyclic somatic
embryogenesis and regeneration of the Asian cultivars of cassava
(Manihot esculenta crantz) for genetic manipulation system. Global
J. Biotechnol. Biochem., 1: 7–15.

Schopke, A. E. G., Schopke, C., Taylor, N. J., Beachy, R. N. and
Fauquet, C. M. 1998. Regeneration of transgenic plants (Manihot
esculenta Crantz) through Agrobacterium-mediated transformation
of embr yogenic suspension cultures. Plant Cell Rep.,
17: 827–831.

Sofiari, E., Raemakers, C. J. J. M., Kanju, E., Danso, K., Van
Lammeren, A. M., Jacobsen, E. and Visser, R. G. F. 1997.

Comparison of NAA and 2,4-D induced somatic embryogenesis
in cassava. Plant Cell Tiss. Org. Cult., 50: 45–56.

Stamp, J. A. and Henshaw, G. G. 1982. Somatic embryogenesis in
cassava. Zeitschrift Pflanzenphysiol., 105: 183–187.

Stamp, J. A. and Henshaw, G. G. 1987. Somatic embryogenesis from
clonal leaf tissue of cassava. Ann. Bot., 59: 445-450.

Stamp, J. A. and Henshaw, G. G. 1987a. Secondary somatic
embryogenesis and plant regeneration in cassava. Plant Cell Tiss.
Org. Cult., 10: 227-233.

Szabados, L., Hoyos, R. and Roca, W. 1987. In vitro somatic
embryogenesis and plant regeneration of cassava. Plant Cell Rep.,
6: 248–251.

Taylor, N. J., Masona, M. V., Carcamo, R., Ho, T., Schöpke, C. and
Fauquet, C. M. 2001. Production of embryogenic tissue and
regeneration of transgenic plants in cassava (Manihot esculenta
Crantz). Euphytica, 120: 25–34.

Taylor, N., Gaitán-Solís, E., Moll, T., Trauterman, B., Jones, T., Pranjal,
A.,  Trembley, C., Abernathy, V., Corbin, D. and Fauquet, C. M.
2012. A High-throughput platform for the production and
analysis of transgenic cassava (Manihot esculenta) plants. Tropical
Plant Biol., 5:127–139.

Thro, A. M., Fregene, M., Taylor, N. J., Raemakers, C. J. J. M.,
Pounti-Kaerlas, J., Schopke, C., Visser, R. G. F., Potrykus, I.,
Fauquet, C. M., Roca, W. and Hershey, C. 1999. Genetic
biotechnologies and cassava-based development. In: Gene-and
Biotechnology of Food Crops in Developing Countries. Hohn, T. and
Leisinger, K. (Eds.), Springer-Verlag, Berlin. pp. 142-175.

Vanderschuren, H., Akbergenov, R., Pooggin, M. M., Hohn,
T., Gruissem, W. and Zhang, P. 2007. Transgenic cassava
resistance to African cassava mosaic virus is enhanced by
viral DNA-A bidirectional promoter-derived siRNAs. Plant Mol.
Biol., 64: 549-57.

Zhang, P. and Puonti-Kaerlas, J. 2005. Regeneration of transgenic
cassava from transformed embryogenic tissues. In: Transgenic Plants:
Methods and Protocols. Peña, L. (Ed.), Humana Press Inc., New
Jersey. pp. 165–176.

Zhang, P., Legris, G., Coilin, P. and Puonti-Kaerlas, J. 2000. Production
of stably transformed cassava plants via particle bombardment.
Plant Cell Rep., 19: 939–945.

Zhang, P., Phansiri, S. and Puonti-Kaerlas, J. 2001. Improvement of
cassava shoot organogenesis by the use of silver nitrate in vitro.
Plant Cell Tiss. Org. Cult., 67: 47–54.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGOldFace-Outline
    /Avenir-Black
    /Avenir-BlackOblique
    /Avenir-Heavy
    /Avenir-HeavyOblique
    /Avenir-Medium
    /Avenir-MediumOblique
    /Avenir-Oblique
    /Avenir-Roman
    /BakerSignet
    /BellGothic-Black
    /BellGothic-Bold
    /BellGothic-Light
    /BermudaLP-Squiggle
    /Birch
    /Chaparral-Display
    /ConduitOSITC-BlackItalic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Cutout
    /DV-Aakash-Bold
    /DV-Aakash-BoldItalic
    /DV-AakashExBold
    /DV-AakashExBoldItalic
    /DV-Dhruv-Bold
    /DV-Dhruv-BoldItalic
    /DV-Dhruv-Italic
    /DV-Dhruv-Normal
    /DV-Natraj-Bold
    /DV-Natraj-BoldItalic
    /DV-NatrajExBold
    /DV-NatrajExBoldItalic
    /DV-Natraj-Italic
    /DV-NatrajMedium
    /DV-NatrajMediumItalic
    /DV-Natraj-Normal
    /DV-SurekhEN-Bold
    /DV-SurekhEN-BoldItalic
    /DV-SurekhEN-Italic
    /DV-SurekhEN-Normal
    /Galliard-Bold
    /Galliard-BoldItalic
    /Galliard-Italic
    /GalliardITCbyBT-Roman
    /Galliard-Roman
    /Ganga-CH-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Giddyup
    /Goudy
    /GreymantleMVB
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Bold
    /HelveticaInserat-Roman
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Oblique
    /ISFOC-Border-10
    /ISFOC-Border-11
    /ISFOC-Border-9
    /ISFOC-BR1
    /ISFOC-BR2
    /ISFOC-BR3
    /ISFOC-BR4
    /ISFOC-BR5
    /ISFOC-BR6
    /ISFOC-BR7
    /ISFOC-BR8
    /Khaki-Two
    /ML1-Ambili-Bold
    /ML1-Ambili-BoldItalic
    /ML1-Ambili-Italic
    /ML1-Ambili-Normal
    /ML1-Aswathi-Bold
    /ML1-Aswathi-BoldItalic
    /ML1-Aswathi-Italic
    /ML1-Aswathi-Normal
    /ML1-Indulekha-Bold
    /ML1-Indulekha-BoldItalic
    /ML1-Indulekha-Italic
    /ML1-Indulekha-Normal
    /ML1-Karthika-Bold
    /ML1-Karthika-BoldItalic
    /ML1-Karthika-Italic
    /ML1-Karthika-Normal
    /ML1-Revathi-Bold
    /ML1-Revathi-BoldItalic
    /ML1-Revathi-Italic
    /ML1-Revathi-Normal
    /ML-Aathira-Bold
    /ML-Aathira-BoldItalic
    /ML-Aathira-Italic
    /ML-Aathira-Normal
    /ML-Ambili-Bold
    /ML-Ambili-BoldItalic
    /ML-Ambili-Italic
    /ML-Ambili-Normal
    /ML-Anakha-Bold
    /ML-Anakha-BoldItalic
    /ML-Anjali-Bold
    /ML-Anjali-BoldItalic
    /ML-Aparna-Bold
    /ML-Aparna-BoldItalic
    /ML-Ashtamudi-Bold
    /ML-Ashtamudi-BoldItalic
    /ML-AshtamudiExBold-Italic
    /ML-AshtamudiExBold-Normal
    /ML-Ashtamudi-Italic
    /ML-Ashtamudi-Normal
    /ML-Aswathi-Bold
    /ML-Aswathi-BoldItalic
    /ML-Aswathi-Italic
    /ML-Aswathi-Normal
    /ML-Atchu-Bold
    /ML-Atchu-BoldItalic
    /ML-Atchu-Italic
    /ML-Atchu-Normal
    /ML-AyilyamBold-Italic
    /ML-AyilyamBold-Normal
    /ML-BeckalBold-Italic
    /ML-BeckalBold-Normal
    /ML-Bhavana-Bold
    /ML-Bhavana-BoldItalic
    /ML-Bhavana-Italic
    /ML-Bhavana-Normal
    /ML-Chandrika-Bold
    /ML-Chandrika-BoldItalic
    /ML-Chandrika-Italic
    /ML-Chandrika-Normal
    /ML-Chithira-Bold
    /ML-ChithiraHeavy-Bold
    /ML-ChithiraHeavy-BoldItalic
    /ML-Chithira-Normal
    /ML-Devika-Bold
    /ML-Devika-BoldItalic
    /ML-Gauri-Bold
    /ML-Gauri-BoldItalic
    /ML-GauriHeavy-Italic
    /ML-GauriHeavy-Normal
    /ML-Geethika-Bold
    /ML-Geethika-BoldItalic
    /ML-Gopika-Bold
    /ML-Gopika-BoldItalic
    /ML-Gopika-Italic
    /ML-Gopika-Normal
    /ML-Guruvayur-Bold
    /ML-Guruvayur-BoldItalic
    /ML-Indulekha-Bold
    /ML-Indulekha-BoldItalic
    /ML-IndulekhaHeavy-Bold
    /ML-IndulekhaHeavy-BoldItalic
    /ML-Indulekha-Italic
    /ML-Indulekha-Normal
    /ML-Jaya-Bold
    /ML-Jaya-BoldItalic
    /ML-Jaya-Italic
    /ML-Jaya-Normal
    /ML-Jyothy-Bold
    /ML-Jyothy-BoldItalic
    /ML-Jyothy-Italic
    /ML-Jyothy-Normal
    /ML-Jyotsna-Bold
    /ML-Jyotsna-BoldItalic
    /ML-Kala-Bold
    /ML-Kala-BoldItalic
    /ML-Kamini-Normal
    /ML-Kanika-Bold
    /ML-Kanika-BoldItalic
    /ML-Kanika-Italic
    /ML-Kanika-Normal
    /ML-Karthika-Bold
    /ML-Karthika-BoldItalic
    /ML-Karthika-Italic
    /ML-Karthika-Normal
    /ML-Kaumudi-Bold
    /ML-Kaumudi-BoldItalic
    /ML-Kaumudi-Italic
    /ML-Kaumudi-Normal
    /ML-Keerthi-Bold
    /ML-Keerthi-BoldItalic
    /ML-Leela-Bold
    /ML-Leela-BoldItalic
    /ML-LeelaHeavy-Italic
    /ML-LeelaHeavy-Normal
    /ML-Leela-Italic
    /ML-Leela-Normal
    /ML-MadhaviExBold-Italic
    /ML-MadhaviExBold-Normal
    /ML-Madhu-Bold
    /ML-Madhu-BoldItalic
    /ML-Madhu-Italic
    /ML-Madhu-Normal
    /ML-Malavika-Bold
    /ML-Malavika-BoldItalic
    /ML-Malavika-Italic
    /ML-Malavika-Normal
    /ML-MangalaExBold-Italic
    /ML-MangalaExBold-Normal
    /ML-Mayoori-Bold
    /ML-Mayoori-BoldItalic
    /ML-Mohini-Bold
    /ML-Mohini-BoldItalic
    /ML-Mohini-Italic
    /ML-Mohini-Normal
    /ML-Nalini-Bold
    /ML-Nalini-BoldItalic
    /ML-Nalini-Italic
    /ML-Nalini-Normal
    /ML-Nandini-Bold
    /ML-Nandini-BoldItalic
    /ML-Nandini-Italic
    /ML-Nandini-Normal
    /ML-Nanditha-Bold
    /ML-Nanditha-Italic
    /ML-Nanditha-Normal
    /ML-NarmadaExBold-Italic
    /ML-NarmadaExBold-Normal
    /ML-Nila-Bold
    /ML-Nila-BoldItalic
    /ML-Onam-Bold
    /ML-Onam-BoldItalic
    /ML-Periyar-Bold
    /ML-Periyar-BoldItalic
    /ML-Periyar-Italic
    /ML-Periyar-Normal
    /ML-Pooram-Bold
    /ML-Pooram-BoldItalic
    /ML-Pooram-Italic
    /ML-Pooram-Normal
    /ML-Poornima-Bold
    /ML-Poornima-Normal
    /ML-Rachana-Bold
    /ML-Rachana-BoldItalic
    /ML-Rachana-Normal
    /ML-Ravivarma-Bold
    /ML-Ravivarma-BoldItalic
    /ML-Ravivarma-Italic
    /ML-Ravivarma-Normal
    /ML-Revathi-Bold
    /ML-Revathi-BoldItalic
    /ML-Revathi-Italic
    /ML-Revathi-Normal
    /ML-Rohini-Bold
    /ML-Rohini-BoldItalic
    /ML-Sabari-Bold
    /ML-Sabari-BoldItalic
    /ML-Sankara-Bold
    /ML-Sankara-BoldItalic
    /ML-Sarada-Bold
    /ML-Sarada-Normal
    /ML-Sruthy-Bold
    /ML-Sruthy-BoldItalic
    /ML-Sruthy-Italic
    /ML-Sruthy-Normal
    /ML-Sugatha-Bold
    /ML-Sugatha-BoldItalic
    /ML-Suparna-Bold
    /ML-Suparna-BoldItalic
    /ML-Surya-Bold
    /ML-Surya-Normal
    /ML-SwathyBold-Italic
    /ML-SwathyBold-Normal
    /ML-Thakazhi-Bold
    /ML-Theyyam-Bold
    /ML-Theyyam-BoldItalic
    /ML-Theyyam-Italic
    /ML-Theyyam-Normal
    /ML-Thiruvathira-Bold
    /ML-Thiruvathira-BoldItalic
    /ML-Thiruvathira-Italic
    /ML-Thiruvathira-Normal
    /ML-Thunchan-Bold
    /ML-Thunchan-BoldItalic
    /ML-Thunchan-Italic
    /ML-Thunchan-Normal
    /ML-Vaisali-Bold
    /ML-Vaisali-BoldItalic
    /ML-Varsha-Bold
    /ML-Varsha-BoldItalic
    /ML-Varsha-Italic
    /ML-Varsha-Normal
    /ML-VeenaHeavy-Italic
    /ML-VeenaHeavy-Normal
    /ML-Vinay-Bold
    /ML-Vinay-Normal
    /ML-Visakham-Bold
    /ML-Visakham-BoldItalic
    /ML-Visakham-Italic
    /ML-Visakham-Normal
    /ML-Vishu-Bold
    /ML-Vishu-BoldItalic
    /ML-Vishu-Italic
    /ML-Vishu-Normal
    /ML-Yashasri-Bold
    /ML-Yashasri-BoldItalic
    /Mojo
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-CnBold
    /Myriad-CnBoldItalic
    /Myriad-CnItalic
    /Myriad-CnSemibold
    /Myriad-CnSemiboldItalic
    /Myriad-Condensed
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Myriad-Tilt
    /Nyx
    /OCRA-Alternate
    /Ouch
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /Palatino-Roman
    /Pompeia-Inline
    /Postino-Italic
    /Shelley-AllegroScript
    /Shuriken-Boy
    /SpumoniLP
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /SY10-Sports
    /SY11-Swastik
    /SY12-Zodiac
    /SY13-Zodiac
    /SY14-Zodiac
    /SY15-Zodiac
    /SY16-Zodiac
    /SY17-NationalHeroes
    /SY18-Vivah
    /SY19-Patterns
    /SY1-Birds
    /SY20-Zodiac
    /SY21-Zodiac
    /SY23-Zodiac
    /SY24-Zodiac
    /SY25-Election
    /SY26-Variety
    /SY27-Vehicles
    /SY28-IndianDances
    /SY29-Kitchen
    /SY2-Dance
    /SY30-Jain
    /SY31-Mudras
    /SY32-Music
    /SY3-Ganesh
    /SY4-Ganesh
    /SY5-Gods
    /SY6-Info
    /SY7-Lamps
    /SY8-Sports
    /SY9-Sports
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /TM-Avvai-Bold
    /TM-Avvai-BoldItalic
    /TM-Avvai-Italic
    /TM-Avvai-Normal
    /VAGRoundedBT-Regular
    /VAGRoundedLt-Normal
    /WoodtypeOrnaments-One
    /ZapfDingbats
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


